INTRODUCTION
Continuous exposure of stress field in soil massif on the metal of the pipeline causes different structural processes, the relaxation of internal stresses and deformation in general [1] [2] [3] . That is why, study of changes in physical and mechanical properties of the pipeline material in operation process will better determine the resource of gas pipelines constructions. Moreover, there is a rising importance of existing pipelines operability maintaining in today's conditions [4] [5] [6] [7] .
Inspection of underground pipelines showed that their life mainly depends on the corrosion resistance of the base metal and welded joints of pipes as well as the destruction of nature metal surface in places with broken insulation coating.
In construction the issues of gas pipelines interaction with soil is studied insufficiently. That is why there are no clear and proven solutions for selection or determination of the main characteristics for calculation and analysis of underground pipelines operation. The calculation of pipes laid down in the ground is done by applying the methods of underground structures mechanics. The pipe and the surrounding soil are treated as elements of a single deforming system that perceives external loads and impacts [8] [9] [10] .
Taking into account the corrosion activity of the soil that is usually assessed by the time of the appearance of the first cavity on a new pipeline, composition and physical properties of soil and their dynamics complicates the calculation scheme. Also there are many additional and variable in time parameters that are taken not only from handbooks but also determined experimentally. List of only most significant factors determining the corrosion activity of soils, which are the structure and analysis, humidity, composition of the soil electrolyte, the total acidity or alkalinity of the soil, the concentration of hydrogen ions, air penetration redox potential, electrical resistivity of soils, indicate the complexity of the mathematical modeling of deformable system "pipe-soil massive" and thus prediction of the durability of the underground pipeline [6, 11] .
MATERIALS AND METHODS
Gas mains of large diameter made of 19G steel, were chosen as the object of our research. It is known that the behavior of pipeline steel in soil in many ways is similar to its behavior when fully immersed in the solution with the appropriate pH [12, 13] . In this case electrochemical corrosion mechanism with formation of microgalvanic elements is predominant. However, in the underground pipeline, due to the heterogeneity of metal pipes and heterogeneity of the soil according to the physical properties and chemical composition, as well as various aeration, there appear areas in which the electrode potential is notably different, which leads to the formation of macrogalvanic corrosive elements. Some parts of pipes with more negative potential become anodic and areas with less negative potential become cathode. Six model environments (ME) of soil electrolytes were chosen for testing (Table 1) . 3 
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The study of the deformation behavior of the pipeline material in conditions of loads and influences simulating the operation allows better estimation of the residual life of the pipelines and more accurate forecasting of the operating costs. The kinetics of deformation in 6 model environments simulating soil electrolytes was studied. Corrosion-mechanical tests were performed and the impact of the soil electrolyte chemical composition and the applied mechanical stresses on the corrosion behavior of the pipeline steel was studied. Significant increase in the corrosion activity of the soil electrolyte due to the synergistic effect of the corrosion-active components was found in the specified ratios of the ionic molar concentrations of sulphate and chloride ions (0.05 M: 0.1 M).
It can be stated that the feature of underground pipeline corrosion is its expression in the form of pits and cavities (through holes) [14, 15] . Therefore, the main danger is not the corrosion loss of metal but local corrosion, which is a major cause of accidents on pipelines. To ensure safe operation of gas pipelines and forecasting the remaining work resource, it is extremely important to study the characteristics of corrosion degradation of the material of the linear section of underground pipelines in soils of different types. According to these characteristics some researches of synergistic action of corrosion and mechanical factors were done previously [16] [17] [18] [19] [20] . Samples were cut out from the pipes wall. The chemical composition of the 19G pipeline steel is shown in Table 2 .
The study of deforming behavior of the steel under stress and impacts that imitate the operational ones will help to better assess the remaining life of existing gas pipelines safe operation and the service life of new gas pipelines. To predict more correctly operational risks and to assess the level of potential environmental threats caused by the operation of these technical objects it is particularly important to study the kinetics of deformation in corrosive environments. It is because the level of damage as a result of synergistic action of mechanical and corrosive factors increases nonlinearly, respectively increasing the possibility of seal failure or the destruction of the pipeline and thus the associated operational risks [21] [22] [23] .
For the prediction of nonlinear processes it is necessary to accumulate a significant amount of experimentally obtained data about the impact of various factors (mechanical stress, chemical composition and ionic strength of the solution etc.) on the behavior of the pipeline material. This help to find the relationship between them and, after accumulating enough material, the selection of the main criteria (EP kinetics, kinetics of creep and corrosion creep, corrosion rate etc.) for the construction of the polycriterial model of the pipeline interaction with the environment.
The main goal of such research is the study of the impact of mechanical and corrosion factors on the kinetics of corrosion creep of the pipeline material. For this purpose a series of mechanical and corrosionmechanical tests were conducted in model environments that simulate the main types of soil and electrolytes and are divided into chloride and chloride-sulfate ones according to their chemical composition, and by their reaction into neutral and acidified. Mechanical testing was carried out on KN-1 installation under pure bending load using stepwise method of loading and unloading of exposure at each stage for 20 s to study deeply the deformation behavior of steel pipe and to track processes of relaxation. To study the kinetics of corrosion creep, using the bending chart built according to the results of mechanical tests of samples, cut from the pipe wall. Three levels of nominal stress according to the yield limit of pipeline steel (1.05; 1.35 and 1.65 of yield limit) were selected, which correspond to regular, non-regular (with higher level of exploitation loads) and extreme working modes of the pipe, and are 330, 420 and 510 MPa. To correctly identify the impact of corrosive environment on the deformation behavior of the steel pipe, creep was studied first in the air (simulating the operation of the pipeline with insulating coating intact) ( Fig. 2 ) and in each of modeling environments ( Fig. 3-4 ). Exposure time was 30000 minutes. During the experiment the kinetics of creep deformation (Δε c ) and corrosion creep deformation was studied (Δε cc ) [6] .
RESULTS AND DISCUSSIONS
In the air we can see increasing kinetics ( Fig.2 ) with extinction at the last stage and entering the plateau. With the increase of the nominal value of the stress the intensity of the process also increases.
At the top, near the border of strength stress in the creep curve we observed slopes. It is obviously, that such a deformation behavior may be caused by the proliferation of microcracks that determines the abrupt increase in strain. In the final section of slope creep curve, we can study the process of speed extinction. This parameter can be used as an additional criterion for evaluation and prediction of creep and corrosion creep -with its increasing the risk of bearing capacity loss as a result of negative synergistic action of mechanical stress and corrosive environment increases, and vice versa, with its reduction -decreases. In the transition to middle-level stresses we see almost monotonically increasing kinetics and while approaching the liquid limit -almost linear one. Comparing the nature of the process of evolution we can note that it reaches the final stage the fastest at 510 MPa, the longest at 330 MPa. Creep at 420 MPa is characterized by the most even kinetics. At the same time, we observe the longest active creep evolution, 75 % of the time we have very strong growth of creep deformation.
Kinetic's creep in chloride environments (Fig. 3 ) differs from the one in the air primarily by its monotony. Practically there are no sudden changes, only the absolute values of velocity and strain rate differ. The most likely it's a consequence of Rebinder's effect, which causes reduction of surface energy, facilitating the formation of a unit surface area and thus metal plastic flow. A significant decrease in the rate process of damping compared with the air should be also noted. It is particularly noticeable for the value of nominal stress 330 MPa (1.05), where there is a growing kinetics of gradual process of damping, but without entering the plateau. Such corrosion-mechanical behavior of pipe steel can be explained by synergistic effect of corrosion and mechanical factors as the level of stress, as shown by the results of the tests in the air is insufficient for such a long intense deformation rate. A major factor, that cause reduction of pipeline steel bearing capacity is the corrosion influence of soil electrolyte (due to the formation of new and development of existing defects) [4, [6] [7] 21] .This evidenced by the kinetics of deformation on the air with virtually the last horizontal section.
Corrosion processes facilitate the development of existing and cause accumulation of additional damage by dangerously reducing carrying capacity and creating additional risks in the normal modes of operation. These hidden risks must be detected on time to prevent damage to the pipeline and associated with them occurrence of contingencies. Phases of evolution of corrosion creep in chloride-sulfate environments (Fig.4 ) differs little from that in chloride electrolytes. The main difference is significantly greater increase in strain at equal values of nominal stress and accelerated passage of the first stage (intense deformation rate), especially in the ME4.
We can conclude that the chloride-sulfate electrolytes are much more dangerous from the point of view of corrosion. This is due to many factors, the most important of which is synergistic action of corrosive ions Cland SO 4 2found in previous studies [6] and cause the significant localization of corrosion processes. The same reason leads to accelerated growth of existing defects caused by the formation of galvanic couples "the old surface -the newly formed surface" or others with a similar mechanism. Dangerous overall kinetics of corrosion creep in ME5 and ME 6 should also be noted.
For all levels of stress we observe dangerously intense monotonic increase in strain, which indicates a constant appearance of new lesions and reduced bearing capacity. Such deformation behavior under operating conditions can cause depressurization of the pipeline and may lead even to emergency situation. There is a risk of leakage of transported product and damage of the environment along the route of the pipeline. Observed deformation behavior of steel pipe requires a thorough study to accumulate factual material for further development together with industry experts, modern new regulations and amendments to existing ones.
At the final stage the study of corrosion rate in model environments was done. This study concludes and summarizes a thorough evaluation of the processes of interaction of the steel pipeline with the environment considering the operational loads and impacts. The study of general and local corrosion rates was carried out. The rate of corrosion was estimated by the parameter K, which was determined by the ratio between the weight of the metal before the corrosion test and after the test, and the investigated surface S and the time of the test. However, the weight index of the corrosion rate does not take into account the metal density. Therefore, it was recalculated to a depth index, which characterizes the thinning of the pipe wall [13] . The gravimetric method [24] is most commonly used for the assessment of corrosion resistance. It is used in two variants: determination of the increase in specimen mass as a result of formation of corrosion products on the specimen surface and determination of mass lose after the removal of corrosion products. The second variant is more commonly used due to its universality.
The comparison of the amount of maximum corrosion damage, found from the depth of the largest cavities (mm), with the amount of medium corrosion damage, calculated from mass lose [kg (m -2 year -1 )], makes it possible to estimate the degree of corrosion nonuniformity. This fact must be taken into account when determining the service life of pipelines since nonuniform corrosion leads to a sharp decrease in their stability through a change in mechanical properties with time [6] .
Research in chloride environments showed (Fig. 5 ) a noticeable increase in the rate of general corrosion with increasing concentration of chloride ions in the transition from ME1 to ME2. and somewhat less in the transition from ME 2 to ME3. By comparing the speed of general and local corrosion we can reveal the bright intensification of local corrosion processes, and it increases with the increase of concentration of chloride ions. With the increase in the concentration of chloride ions, the action of the mechanical factor also increases significantly in case of general corrosion degradation and local corrosion.
In local corrosion with mechanical stress levels increasing we can see a significant intensification of corrosion processes, especially in the area of elasticplastic deformation (range 1.35 σ * 0.2 -1.65 σ * 0.2
). The active growth of the rates of general and local corrosion was fixed, although in case ME1 the local corrosion rate increases slightly, due to the relatively small corrosion processes localization. For proper evaluation of operation risks, resource and residual safety of operation, it is extremely important to know wall thickness corrosion rate (Fig. 5b,d) in the course of operation for the timely prevention of possible extraordinary situations.
It can be noted that in case of damage to insulation and the absence or improper quality of active corrosion protection, thinning in chloride environments in the area of operational loads can reach 0.45-0.55 mm, and taking into account the localization process in case of ME3 it exceeds 6 mm/year, which testifies for the considerable danger of overpressure of pipelines, especially those that are used from 15 to 25 years with obsolete and degraded bituminous corrosion-resistant coatings [25] [26] [27] [28] . It is particularly important to conduct groundwater analysis along pipelines' routes in order to timely assess the risks of corrosion degradation of steel pipelines and prevent depressurization, or more severe failures and emergency situations [29, 30] . The next stage was the study of corrosive behavior in chloride-sulfate environment (ME4-ME6). This kind of soil electrolytes is characteristic for regions with high salinity of soils [31, 32] .
Studies have shown (Fig. 6 ) an increase in the intensity of corrosion degradation with an increase in the level of mechanical stress in all three environments for both general and local corrosion. Such results correlate well with ones obtained during electrochemical tests values [33] .
With an increase in the total concentration of chloride and sulfate ions, the speed of general and local corrosion increases, reaching a maximum in ME6. We can state that for the first time the ratio of ionic concentrations was found, in which the synergistic action of sulfate and ion chloride is so significant. Such an important conclusion can be made of Fig. 6 comparing the appearance of corrosion curves and the growth of corrosion rate in the transition from ME4 to ME5 and from ME5 to ME6 in the area of operating loads.
We observe a noticeable difference not only in the growth rate, but also in the increase of the intensity of corrosion degradation with an increase in the level of mechanical stress in the zone of elastic-plastic deformation. The last tendency was fixed also in the transition from ME4 to ME5 but its intensity is substantially smaller (except for the site 330-420 MPa). This difference is particularly significant in the development of local corrosion processes, where in the area of operating loads the corrosion rate in model environment ME6 is twice of that in ME5.
The detected dangerous patterns make it possible to assess as soon as possible the depression of the pipe wall under conditions of general and local corrosion in chloride-sulfate environment.
Studies show that in the area of operating loads, the rate of general corrosion for ME4 and ME5 is about 0.5 mm/year, for ME6 it is about 1 mm/year, which again confirms the danger of this ratio of molar ion concentrations.
This speed, even for ME4, indicates that it is necessary to revise existing estimates of the resource and the remaining safe operation resource in pipelines through zones of saline soils, and in case of revealing ratios of molar concentrations of ions close to those in ME 6, it is necessary to carry out a thorough, extensive examination of the quality of passive and active corrosion protection and determination of its level of damage, as well as the level of damage to the pipeline material by methods of non-destructive testing and internal purification dead diagnostic.
Particular attention should be paid to areas of probable additional mechanical loads. In the first place zones in landslide hazardous mountain areas, underground transitions through railways and highways. An assessment of the depletion of the pipeline wall due to the localization of corrosion processes in all chloridesulfate model environments showed that anomalous corrosion behavior was observed again in ME6. For the first time not only high corrosion rate was detected at a given ratio of ionic concentrations, but also extremely intensive localization of corrosion processes, as a result of which the rate of local corrosion in the area of operating loads may exceed 7-8 mm/year.
In the future researches it is necessary to study the impact of the pipeline's operation life and processes of structural degradation of the pipe material on corrosion behavior, because it is necessary for the estimation of long exploited pipelines residual life [34] [35] [36] .
CONCLUSIONS
The corrosion creep of steel pipe in the air and in 6 model environments was determined and it was shown that the greatest risks of bearing capacity loss are in chloride-sulfate electrolytes.
Significant increase in the corrosion activity of the soil electrolyte due to the synergistic effect of the corrosion-active components was found in the specified ratios of the ionic molar concentrations of sulphate and chloride ions (0.05 M: 0.1 M).
The analysis of soil electrolytes along pipelines, especially those close to the planned exploitation resource, should be carried out as soon as possible. The obtained results indicate that in case of damage of the protective coating and improper anti-corrosion protection, their operation in areas with a detected dangerous relationship of ionic concentrations can lead to severe accidents with difficult predictive effects for the population and the environment.
